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PRELI M NARY CRU SE RESULTS
NCAA SHI P M LLER FREEMAN
CRU SE NO. 95-10

ECHO | NTEGRATI ON- TRAW.  SURVEY
OF PACI FI C VWHI TI NG ALONG THE WEST COASTS OF
THE UNI TED STATES AND CANADA

CRU SE PERI OD, AREA, AND SCHEDULE

Scientists fromthe Al aska Fi sheries Science Center (AFSC)
conducted a West Coast echo integration-traw (EIT) survey of
Pacific whiting (Merluccius productus) aboard the NOAA ship

Mller Freeman fromJuly 1 to Septenber 1, 1995, for a total

of 60 sea days. The cruise began in Seattle, Washington and ended
in Ketchi kan, Al aska. Exploratory survey operations were also
conducted within the northern portion of the Southern California

Bi ght (32?30'N to 347?30'N). Thereafter the vessel progressed

nort hward conducting survey operations over the continental shelf
and upper slope fromnear Point Conception (347?30'N) to Dixon
Entrance (547?30'N). The areas of operation in Canadi an waters were
t he west coasts of Vancouver and Queen Charlotte Islands. The mgjor
obj ective of this survey was to collect echo integration and traw
data necessary to determne the distribution and abundance of

Paci fic whiting.

VESSEL | TI NERARY

Leg 1

July 1-3 Enbark portion of scientific party in Seattle;
conduct gear trials in Puget Sound; sphere
calibration in Port Susan

July 3 Begin transit south to area for juvenile Pacific
whiting exploratory survey operations near Point
Concepti on

July 6 Mont erey touch-and-go to enmbark portion of scientific
party

July 6-7 Begin juvenile Pacific whiting exploratory survey

operations near Point Conception



Aug 19- 20

Aug 21

Sept 1

The pri nci pal

Sphere calibration in Channel |slands

Fi ni sh exploratory survey operations, begin Wst
Coast EIT survey of Pacific whiting

Mont erey touch-and-go to di senmbark portion of
scientific party

In port at San Franci sco; exchange of scientific
personnel ; end Leg 1

Conti nue West Coast EIT survey of Pacific whiting

In port at Grays Harbor; exchange of scientific
personnel ; end Leg 2

Conti nue West Coast EIT survey of Pacific whiting

Neah Bay touch-and-go to di senbark nenber of
scientific party

Neah Bay touch-and-go to enbark nenber of
scientific party

Intership calibration of scientific acoustic systens
with the Canadi an research vessel WE. R cker

Sphere calibration in Kendrick Inlet, Vancouver
I sl and; exchange of scientific personnel

In port at Ketchikan; end of cruise

OBJECTI VES

obj ectives of the cruise were to:

1) coll ect echo integration data, and m dwater and denersal
traw data necessary to determ ne the distribution,
bi omass, and bi ol ogi cal conposition of Pacific whiting in
the area of operations;

2) collect Pacific whiting target strength data for use in
refining relationship between target strength and fish
| engt h;
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3) collect echo integration data, and mdwater traw data
necessary to determine the distributional patterns and
bi ol ogi cal characteristics of the conmon macrozoopl ankt on
species (e.g., euphausiids) in the area of operations;

4) calibrate the centerboard-nounted 38/ 120 kHz scientific
acoustic system using standard sphere techni ques;

5) conduct an intership calibration with the Canadi an
research vessel WE. Ricker

6) col l ect various mneteorol ogi cal and physical oceanographic
data including vertical profiles of tenperature and
salinity at selected sites, and conti nuous nonitoring of
near-surface currents, tenperature, salinity, etc;

7) coll ect stomach sanples fromPacific whiting for food
habi ts studi es;

8) conduct an exploratory survey to collect echo integrator
and mdwater traw data necessary to determ ne the
feasibility of using acoustic nethods to assess the
di stribution and bi omass of juvenile Pacific whiting;
and,

9) conduct gear trials with an experinental survey bottom
traw .

VESSEL AND SCI ENTI FI C EQUI PMENT

The survey was conducted on board the NOAA ship MIler Freeman

a 66-m (216-ft) stern traw er equi pped for fisheries and
oceanographic research. Acoustic data were collected with a
guantitative echo-soundi ng system (Sinrad EK500'). The Sinrad 38 and
120 kHz split-beamtransducers were nounted on the bottom of the
vessel's centerboard. Results presented in this docunment are based
on the 38 kHz data. Wth the centerboard fully extended, the
transducers were 9 mbelow the water surface. Systemelectronics
were housed in a portable | aboratory nmounted on the vessel's weat her
deck. Data fromthe Sinrad EK500 echo sounder were stored and
processed using the Sinrad Bl 500 echo-integration and target-
strength data collection and anal ysis software on a SUN wor kst ati on.

Six different gear types were used during the cruise and are
descri bed below. During the exploratory survey (see Survey
Met hods), an Al eutian Wng 30/60 trawl (AW) and a nodified Stauffer

! Reference to trade names or commercial firnms does not constitute
U. S. Governnent endorsenent.
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trawl (anchovy traw ) were used to sanple m dwater echosign. During
the west coast EIT of Pacific whiting (see Survey Methods), m dwater
echosign was generally sanpled with the AW, although several tows
were made with a Methot or Marinovich trawl when scattering from
smal | er organi sns was suspected. Bottom echosign was primarily
sanpled with a nylon Nor'eastern trawl during the EIT survey. On
three occasions, a nodified poly Nor'eastern (PNE) trawl was al so
used. The primary purpose of the PNE traw during the cruise was to
evaluate its fishing performance over various bottomtypes (see
Survey Met hods).

The Al eutian Wng 30/60 traw is a full nmesh wing trawl constructed
of nylon except for Polyethel ene towards the aft section of the body
and the codend. The head- and footrope neasured 816.9 m (268 ft)
and nesh sizes tapered from325.1 cm (128 in) in the forward section
of the net to 8.9 cm (3.5 1in) in the codend. The net was fitted
with a 3.2 cm(1.25 in) codend liner. The codend was also fitted
with a 0.48 cm (0.19 in) codend |liner during the exploratory survey
and the first nine mdwater hauls north of Pt. Conception. The AW
was fished with 82.4 m (270 ft) of 1.9 cm (0.75 in) dianmeter 8x19
non-rotational dandylines, 454.5 kg (1,000-1b) tomweights on each
side, and either 1.8 mx 2.7 m(6-ft x 9-ft) steel V-doors [1,000 kg
(2,200 1b)] or 5 nt “Fishbuster” doors [1,250 kg (2,750 Ib)].

The Marinovich, Methot, and nodified Stauffer traw s targeted
juvenile fish and macrozoopl ankton in m dwater. The Marinovich
trawl mesh sizes neasured 7.6 cm (3.0 in) forward, 3.2 cm (1.3 in)
in the codend, and 0.32 cm (0.125 in) in the codend |iner. Headrope
and footrope | engths were each 9.1 m (30 ft). The Marinovich traw
was fished with the 1.8 mx 2.7 msteel V-doors. The Methot traw
has a rigid square frane with 2.3 m(89.5 in) sides which fornms the
mouth of the net. A 1.83-m (6 ft) dihedral depressor nodified from
an | saacs-Kidd mdwater traw was suspended fromthe square frame.
Mesh sizes were 2 nfmx 3 nm (0.08 in x 0.12 in) in the main part of
the net and 1 nm (0.04 in) in the codend. The Methot trawl was
attached to a single cable that was fed through a stern-nounted
A-frame. A calibrated General Cceanics flow nmeter was attached to
the mouth of the net and used to determ ne the volune of water
filtered. The nodified Stauffer trawl was used on two occasi ons
during the exploratory survey. This net is designed with an overal
| ength of about 47 m (154.2 ft) and a square nouth with 26.2 m

(86 ft) on a side. The nesh size decreased from15.2 cm (6 in) in
the body to 3.8 cm (1.5 in) in the codend. The codend was al so
fitted with a 0.48 cm (0.19 in) codend liner. The nodified
Stauffer trawl was fished with triple 54.9 m (180 ft) bridles

and 1.5 mx 2.1 m(5-ft x 7-ft) steel doors.

Fish on or near bottomwere primarily sanpled with a nylon

Nor' eastern (NNE) bottomtrawl during the EIT survey. Mesh sizes
ranged from12.7 cm (5 in) in the body to 8.9 cm (3.5 1in) in the

i ntermedi ate section and codend. The net was fitted with a 3.2 cm
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(1.25 in) codend liner. Headrope and footrope |engths were 27.4 m
and 32.0 m (90 ft and 105 ft), respectively, and the footrope was
equi pped with 36 cm (14 in) dianeter roller gear. The NNE was
fished with triple 54.8 m (180 ft) |ong dandylines and the 5 nt

“Fi shbuster” doors. The experinental poly Nor'eastern bottomtraw
(descri bed bel ow) was used once with the 1.8 mx 2.7 m steel
V-doors and twice with the 5 nt “Fi shbuster” doors during the EIT
survey.

A poly Nor'eastern high-opening bottomtraw was used in the gear
eval uation study during the third leg of the cruise. For the gear
experinent, this trawl was equi pped with tire/rockhopper ground
gear. The traw was constructed with stretch nmesh sizes that ranged
from13 cm (5 in) in the forward portion of the net to 8.9 cm

(3.5 1in) in the codend. It was fitted wwth a nylon codend I|i ner
with a nesh size of 3.2 cm(1.25 in). The 27.2-m (89.1-ft) headrope
held 21 floats [30 cm (12 in) dianeter]. A 24.7-m (81-ft) chain
fishing ine was attached to the 24.9-m (81.6-ft) footrope which was
constructed of 1-cm (0.4-in) 6 x 19 wire rope wapped with

pol ypropyl ene rope. The ground gear consisted of 50.8 cm (20 in)
split tires in the bosomof the trawl and fitted with 45.7 cm

(18 in) rockhopper discs and steel bobbins along the wings. The
trawm was fished with the 1.8 mx 2.7 msteel V-doors except on one
occasion when it was fished with the 5 ntf “Fi shbuster” doors. The
nodi fi ed ground gear configuration was designed to better sanple the
rugged areas of the continental slope and thus represented a signi-
ficant departure fromthe 35.6 cm (14 in) rubber bobbin roller gear
normal |y used during triennial groundfish surveys of the Gulf of

Al aska and West Coast. The characteristics of the experinental traw
were nonitored during the fishing process with a Scanmar net
mensuration systemand a H -8 nmm video canmera assenbly.

Al trawl hauls, except the Methot, were nonitored with a WesMar
third wire or a Furuno wirel ess net sounder system attached to the
headrope of the traw; vertical net opening, depth, and tenperature
at depth were neasured. The AW and NNE vertical nouth opening
averaged 26.6 m (87.3 ft) and 5.8 m (19 ft), respectively.

Vertical profile measurenments of water tenperature and salinity were
collected with a Seabird CTD (conducti vity/tenperature/depth)

system Tenperature and depth profile data were coll ected during
trawl hauls by attaching a mcro bathythernograph (MBT; a snall
retrievable depth/tenperature profiler) to the traw headropes or
frame. Expendabl e bat hyt her nographs (XBT) were used at several
sites. The acoustic Doppler current profiler was slaved to the
EK500 to avoid interference and operated continuously throughout the
crui se.

SURVEY METHODS
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Scientific operations were conducted 24 hours per day. Echo
integration data to determ ne the abundance and di stribution of
Pacific whiting were collected continuously during daylight hours
(about 15 hours per day) along a series of parallel (and 3 zig-zag)
transects between Point Conception and Di xon Entrance (Fig. 1).
Transects were spaced about 10 nm apart except inshore near the
US- Canada border where transect spacing was reduced to 5 nm and
off the Queen Charlotte Islands where it was increased to 15 nm.
During the exploratory survey of juvenile Pacific whiting which
occurred in the vicinity of Pt. Conception (between 327 30'N

and 34?7 30'N), echo integration data were collected along a series
of zig-zag transects during daylight and darkness (Fig. 1la).

Al'l transects were generally run between about the 55 mand 1500 m
depth contours. Transects were extended to deeper water where fish
sign was found at or near the predeterm ned transect outer
endpoints. Acoustic data were generally collected to within 0.5 m
of the bottom dependi ng upon bottom depth and roughness. Transect
speed was usually around 11-12 knots.

Ni ghttine hours were used on an opportuni stic basis to collect
Pacific whiting target strength data, conduct traw hauls on
echosi gn observed during the daytinme survey operations or to

i nvestigate aggregations of other mdwater fishes and nacro-
zoopl ankton. Nighttinme gear trials with an experinental survey
trawl were also carried out over various habitat types and depth
zones during |leg 3.

Trawl haul s were nade on sel ected echo sign to provide information
on Pacific whiting and to identify the biological conposition of
associ ated fish and ot her organisns. Standard catch sorting and
enuner ati on procedures were used to process all catches. Each traw
catch was conpletely sorted unless it exceeded about 900 kg, catches
greater than 900 kg were split and the split then sorted and

wei ghed. Total weights and nunbers of individuals, by species, were
determ ned for each catch. Pacific whiting were further sanpled to
determ ne sex, length (standard length (SL) for fish <80 mm fork
length (FL) for fish >80 nmm, gonad wei ght, age, maturity, and body
wei ght. Stomach sanples were also collected fromPacific whiting
and preserved in 10%formalin. An electronic scale was used to
determine all weights taken fromindividual whiting specinmens. Fish
FLs were deternmned to the nearest cmw th a Pol ycorder neasuring
device (a conbi nation of a bar code reader and a hand hel d
conputer), and fish SLs were determned to the nearest nmm using a
nmeasuri ng board.

Generally, CID casts were nade at selected traw haul |ocations, and
at two to three stations along every second or third transect (i.e.,
every 0.27-0.57 latitude) during the survey (Fig. 3). One station
was | ocated at the offshore end of the transect and the second was

| ocated over a nom nal bottom depth of 400 m al ong the sane
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transect. A third CTD cast was soneti nes nade between these two CTD
stations.

St andard Sphere Calibrations

St andard sphere calibrations were conducted on the 38 kHz and

120 kHz acoustic systens (Table 1). The MIller Freeman was anchored
fore and aft during the Port Susan and Kendrick Inlet calibrations
and not anchored during the Santa Cruz Island calibration. Acoustic
returns of a 23 mmdianeter (for 120 kHz) and 60 nm (for 38 kHz)
copper sphere suspended bel ow the transducer were neasured. Split-
beam target strength and echo-integration data were collected with
the Sinrad EK500 systemto describe acoustic gain paraneters and/or
transducer beam pattern characteristics. During the Santa Cruz
Island calibration, only on-axis target strength nmeasurenents at

120 kHz were collected. The 120 kHz acoustic system exhibited a
negative trend in target strength (TS) and vol une backscattering
(SV) gains with tine, while the 38 kHz system renai ned stabl e

(Table 1).

PRELI M NARY RESULTS

A total of about 3800 nm of transect lines were run during the
west coast EIT survey to assess the distribution and abundance of
Pacific whiting (Fig. 1). N nety-five traw hauls were made to
identify echo sign in this region and to collect speci nen and

bi ol ogi cal data (Fig. 1). Twenty-six Methot traw s were conducted
on echo sign believed to be primarily macrozoopl ankton (Fig. 2).
Details regarding trawl |ocations, depths, and catch are presented
in Tables 2 and 3. Biological collections are sunmarized in

Tabl e 4.

Pacific whiting was the dom nant fish species captured in the

m dwater trawl hauls by wei ght and by nunbers, and ranked first in
wei ght anong fishes captured in bottomtraw hauls (Tables 5-6).
Yel l owt ai | rockfish (Sebastes flavidus) and shortbelly rockfish
(Sebastes jordani) were the next nbst common species caught, by

wei ght, in mdwater and bottomtraw hauls, respectively. Young of
the year Pacific whiting (2-8 cm FL) were only caught in five traw
haul s (hauls 1-3, 5-6) in the southern California region
(34°55'-40730'N). Except for haul 5, YOY were captured with ol der
whi ti ng.

Physi cal oceanographic data were collected at all |ocations where a
trawm haul was nmade as well as at other selected sites. The

measur ements consi sted of 78 CID, 4 XBT, and 141 MBT casts. Details
pertaining to these casts (tine, |ocation, associated traw hauls,
etc.) are listed in Tables 7-9. Figure 3 shows the |ocations of the
CTD and XBT casts.
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The distribution, size and rel ative abundance of Pacific whiting

Rel atively dense Pacific whiting echosi gn was observed of f
California near Point Arena and Cape Menocino, off central O egon
(43-457?N), over Juan de Fuca Canyon near Cape Flattery, and off
northern Vancouver Island (Fig. 4). No echosign was attributed to
Pacific whiting north of 51°N or south of about 38°N. Although
Pacific whiting were sonetimes caught south of 387N, scattering from
ot her species was so prevalent that it prevented identification of
Pacific whiting echosign fromthis area. Pacific whiting were
observed over bottom depths of 50-1500 m

The size conposition of Pacific whiting differed over the survey
area (Fig. 5). Fish conprising the 20-30 cm node (primarily 1-year
ol ds) were present in the southern California area, strongly
represented in the north California area (40°30'-43°00'N), noderate
in Oregon (43°00'-45°46'N), and present in relatively | ow nunbers in
the northern areas (i.e., Washington (45°46' N to the US/ Canada
border), south Vancouver (the US/ Canada border to 49°00'N), and
north Vancouver (49°00' to 51°03'N)). The distribution of one year
old fish extended farther to the north than that reported from
previous EIT surveys. Fish conprising the 30-40 cm | ength node
(primarily 2-year olds) were strongly represented in the California
areas and nearly absent in the northern areas. Adult fish (>40 cm
were present throughout the survey area, although their contribution
was minimal in the southern California area. Generally, the nobda
length of adult fish increased to the north. The dom nant node was
45 cmin the Oregon area and increased to 48 cmin the north
Vancouver ar ea.

Expl oratory Survey of Juvenile Pacific Witing

Approxi mately 730 nm of transect lines (Fig. 1la) were conpl eted
during the exploratory survey of juvenile Pacific whiting. Twelve
trawl hauls were conpleted (Fig. la) and are summari zed in Table 10.
Further results will be reported el sewhere (A Holl owed, Nationa
Marine Fisheries Service, Seattle, WA 98115. Pers. commun.).

Experi nental Bottom Trawl Gear Trials

A total of twenty-seven bottomtrawl hauls (Fig. 6 and Table 11)
were conpl eted over a variety of habitat types and depth zones
during gear trials with the experinmental survey bottomtraw .

Ni net een hauls were conpleted with the codend opened (hauls 201,
203-219 and 223) and eight were conpleted with the codend cl osed
(202, 220-227 except 223). Open codend tows were conducted to
establish the preferable canmera placenents for view ng the various
sections of the ground gear. Results fromthe closed codend tows
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will allow a conparison between the nunber and speci es observed by
t he video canera versus what was actually retained by the traw.
Results will be reported el sewhere (D. Ito, National Marine
Fisheries Service, Seattle, WA 98115. Pers. conmun.).

Target Strength Data Coll ection

Target strength data were collected and nine hauls were nmade to
verify the echosign on five different nights off the coast of

nort hern Washi ngt on and Vancouver Island (Table 1). Pacific whiting
produced uni nodal size distributions fromtarget strength hauls 71,
76, 80-81, and 84-85, and binodal distributions fromtarget strength
haul s 65 and 66. Pacific whiting nmade up 93-99% of the catch in
nunbers from these haul s.

U.S. and Canadi an _acoustic systens _conpari son

An inter-ship conparison study of the scientific echosoundi ng
systens aboard the MIler Freeman and the Canadi an research vessel,
WE. Ricker was conducted during 19-22 August. There were two
acoustic systens aboard the Canadi an vessel which operated at

38 kHz. Additional descriptions of these acoustic systens is
reported el sewhere (R Kieser, Pacific Biological Station,
Department Fisheries and Cceans, Nanaino, Pers. conmun.). Acoustic
data were collected along 24 east-west oriented transects in an area
about 15 nmi NWof Cape Flattery (48727.3'N, 12579.3'W and in an
area near Nootka Sound (48?738.6'N, 125758.7'W. Transects were
3-8 nmin |length and over bottom depths between about 110-795 m
One vessel followed about 0.5 nmdirectly astern of the other al ong
each transect. The vessel taking the |ead position changed after
each pair of transects. Vessel speeds were about 6-8 knots.

SCI ENTI FI C PERSONNEL

Sex/ ) o _ _ Dat es
Narme Nationality Posi tion Organi zati on Aboar d
Leg 1
Chris Wl son M USA Chi ef Sci enti st AFSC July 1-July
Dani el Twohi g M USA I nstrunent Chi ef AFSC " i
Steve de Blols M USA Fi sh. Bi ol ogi st AFSC " i
Martin Dorn M USA Fi sh. Bi ol ogi st AFSC " i
Troy Buckl ey M USA Fi sh. Bi ol ogi st AFSC ) i
Dave Fitzgerald M USA Teacher - At - Sea OLA " "
Andy Seitz M USA Undergrad. Student Cornell July 1-July
Dave King M USA Gear Techni ci an AFSC July 1-July
Denni s Benjani n M USA Fi sh. Bi ol ogi st AFSC July 6-July
Anne Hol | owed F/ USA Fi sh. Biol ogi st AFSC July 6-July
Bob DelLong M USA Wldlife Biologist NWL July 6-July
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Ken Cooke M Canadi an Fi sh. Bi ol ogi st DFO July 6-July 12
Leg 2

Ji m Traynor M USA Chi ef Sci enti st AFSC July 20-Aug 9
Dan Twohi g M USA | nstrunent Chi ef AFSC " i "
M ke Guttornsen M USA Fi sh. Bi ol ogi st AFSC " i "
Steve de Blois M USA Fi sh. Bi ol ogi st AFSC " i "
Deni se McKel vey F/ USA Fi sh. Bi ol ogi st AFSC " i "
Chris Derrah M USA Fi sh. Bi ol ogi st AFSC ) N )
Paul von Szaly M USA G aduat e St udent uw ) )
Susi e Di essner F/ USA Teacher - At - Sea OLA " e "
Jeff Pesta M USA Teacher - At - Sea OLA July 20-Aug 9
Leg 3

Neal WIIianmson M USA Chi ef Scienti st AFSC Aug 12- Aug 16
Ji m Traynor M USA Chi ef Scienti st AFSC Aug 17-Aug 21
Neal WIIianmson M USA Chi ef Sci enti st AFSC Aug 21-Sept 1
Dani el Twohi g M USA | nstrunent Chi ef AFSC Aug 12-Sept 1
Tai na Honkal ento F/ USA Fi sh. Bi ol ogi st AFSC " " "
Steve de Blois M USA Fi sh. Bi ol ogi st AFSC " " "
Denni s Benj ami n M USA Fi sh. Bi ol ogi st AFSC " " "
Rich Wggins M USA Fi sh. Bi ol ogi st AFSC " " "
Dan Ito M USA Fi sh. Bi ol ogi st AFSC " "e "
Andrea Ball a F/ USA Fi sh. Biol ogi st NMWVL " " "
Avi s Sosa F/ USA Teacher - At - Sea OLA Aug 12-Sept 1
Crai g Rose M USA Fi sh. Bi ol ogi st AFSC Aug 12- Aug 21
Ken Wi nberg M USA Fi sh. Bi ol ogi st AFSC Aug 12- Aug 21
Martin Dorn M USA Fi sh. Bi ol ogi st AFSC Aug 21-Sept 1

AFSC - Al aska Fisheries Science Center, Seattle, Washington
NMWL - National Marine Mammal Laboratory, Seattle, Washington
OLA - NOAA, Ofice of Legislative Affairs, Teachers at Sea Program
Washi ngton, D.C o _ _
DFO - Dept. Fisheries and Cceans, Pacific Biological Station, Nanaino, BC,

Canada
UW - University of Washi ngton, School of Fisheries, Seattle, Washington
Cornell - Cornell University, Ecosystens Research Center, Ithaca, New York

For further information contact Dr. Gary Stauffer, Director, Resource
Assessment and Conservation Engineering Division, Al aska Fisheries Science
Center, National Marine Fisheries Service, 7600 Sand Poi nt wag NE.

Building 4, BIN C15700, Seattle, WA 98115-0070. Tel ephone (206) 526-4170.




